The systemic nonselective b-blocker propranolol hydrochloride is increasingly used as firstline management for infantile hemangiomas. Superficial nonulcerating lesions do not require systemic medications. Case series have suggested the efficacy of timolol; however, its safety has been questioned.
WHAT'S KNOWN ON THIS SUBJECT:
The systemic nonselective b-blocker propranolol hydrochloride is increasingly used as firstline management for infantile hemangiomas. Superficial nonulcerating lesions do not require systemic medications. Case series have suggested the efficacy of timolol; however, its safety has been questioned.
WHAT THIS STUDY ADDS:
This randomized controlled trial indicates that timolol maleate 0.5% gel is a well-tolerated, safe, and effective treatment of superficial infantile hemangiomas. abstract OBJECTIVE: Timolol maleate 0.5% gel is a safe and effective medication for treating superficial infantile hemangiomas (IHs) in infants with a median age of 9 weeks.
METHODS: Forty-one infants who had superficial IHs without ulceration and not near mucosal surfaces were recruited and randomly assigned to placebo and treatment (timolol maleate 0.5% gel) groups. Efficacy was assessed by performing blinded volume measurements at weeks 0, 1, 2, 3, 4, 8, 12, 16, 20 , and 24 and blinded investigator photograph scoring at weeks 0, 12, and 24. Safety was assessed by measuring heart rate and systolic and diastolic blood pressure at weeks 0, 1, 2, 3, 4, 8, 12, 16, 20 , and 24.
RESULTS: Fifteen of the 19 infants receiving treatment and 17 of the 22 infants receiving placebo completed the study. Significant color change on the blinded photographic scores was noted at week 24 of the study (P = .003). There was a significantly higher proportion of treated IHs that reduced in size by .5% at weeks 20 and 24 (P , .02). The predicted proportion of IH volume change was also significantly less for treated IHs from week 16 onward when compared with placebo (P , .05). There was no significant variation in blood pressure and heart rate between the groups.
CONCLUSIONS: Topical timolol maleate 0.5% gel with a maximum dose of 0.5 mg per day is a safe and effective option for small superficial IHs that have not ulcerated and are not on mucosal surfaces. Pediatrics 2013;131:e1739-e1747 Infantile hemangiomas (IHs) are among the most common tumors of infancy, with ∼4% of infants affected. [1] [2] [3] Khan et al 4 reported that IHs arise from CD133 + stem cells, which can differentiate into several cell lineages including adipocytes. The mechanisms that control the proliferation and involution of these lesions are not as yet fully understood. Focal IHs are rarely present at birth and exhibit a characteristic growth phase typically up to the age of 9 months. 5 A gradual involution phase takes place over the subsequent 2 to 10 years 1, 5 ; however, recently, Couto et al 6 suggested that most IHs do not substantially further improve after 3.5 years of age. Increasingly, nonselective b-blockers, including propranolol hydrochloride, have replaced or been used in conjunction with previously recommended treatments such as systemic corticosteroids and vincristine for the treatment of IHs to prevent ulceration and disfigurement and for systemic involvement. 7, 8 The mechanism via which b-adrenergic receptor antagonists inhibit the growth of IHs remains to be fully elucidated. Whereas the sideeffect profile of propranolol hydrochloride is favorable, 8, 9 the potential for hypoglycemia, bronchial hyperactivity, and hypotension makes it difficult to justify its use for less severe IHs.
For small, superficial focal lesions without features necessitating propranolol or other systemic agents, the use of topical imiquimod 0.5% 10 and potent topical corticosteroids 11 has also been reported. Topical timolol solution is a nonselective b-adrenergic receptor inhibitor that was approved in 1978 for the treatment of glaucoma and has been safely used as first-line therapy for pediatric glaucoma for .30 years. 12, 14 A number of case reports and case series have observed the efficacy of timolol maleate 0.5% gel for the treatment of IHs [15] [16] [17] [18] [19] [20] [21] [22] ; however, concern has been raised regarding its safety. 12 This blinded, randomized, placebo-controlled study aims to begin to answer these questions relating to the safety and efficacy of topical timolol maleate 0.5% gel in the setting of small, superficial focal IHs in infants aged 5 to 24 weeks.
METHODS
A randomized, double-blind, placebocontrolled, parallel-group trial was conducted in a single institution between March 2011 and September 2012. Approval was obtained from the institutional review board of the South Eastern Sydney and Illawarra Area Health Service, Northern Hospital Network Human Research Ethics Committee. Written informed consent was obtained from the children' s parents after a discussion of the risks and benefits of participating.
Eligibility of Patients
Patients were recruited at a single tertiary center from neonatal, pediatric ophthalmology, general pediatric, and pediatric surgery clinics from March 2011 to April 2012 (Fig 1) . Participation was offered to infants between the age 5 and 24 weeks with small, focal superficial IHs not requiring systemic therapy. Exclusion criteria included hypersensitivity to timolol maleate, wheezing, cardiac rhythm disturbances or congenital heart disease, or large, ulcerated, mucosal, or subcutaneous IHs. During the trial, proliferation of the lesion, ulceration, or parental desire to commence systemic therapy resulted in withdrawal from the trial and institution of systemic medications.
Study Design
Patients were enrolled in the trial by 1 of 2 study physicians and randomly assigned (by using a method of minimization) 23 by the clinical trials pharmacist into 4 groups: age between 5 and 15 weeks or between 16 and 24 weeks and size of lesion , or .25 mm. Participants, caregivers, and physicians were blinded to group status. Baseline screening comprised a cardiovascular examination, including blood pressure and heart rate, as well as clinical photography and 2 hemicircumference measurements of the IH, 90°apart. The
FIGURE 1
Flow diagram of trial participants. study medication was dispensed in a ratio of 1:1 as placebo or timolol maleate 0.5% gel (5.0 mg of timolol/6.8 mg of timolol maleate in 1 mL; gellan gum, trometamol, mannitol, and water for injection; 0.0012% benzododecinium bromide added as a preservative.) 13 The parents were instructed to apply with a fingertip part of 1 drop of the gel onto the surface of the IH (enough to just coat the lesion) twice a day, and to gently rub it in. One drop of timolol maleate 0.5% gel has been estimated to contain 0.25 mg of timolol. 12 The first application was conducted in the outpatient department, and blood pressure and heart rate were measured just before application and 1 hour after application of placebo or timolol maleate 0.5% gel. Heart rate and blood pressure measurements were compared with age-related reference ranges. 24 Two hemicircumference measurements 90°a part were taken of the IH in question before the first application of placebo or timolol maleate 0.5% gel. Repeat hemicircumference measurements, as well as blood pressure and heart rate, were taken at weeks 0, 1, 2, 3, 4, 8, 12, 16, 20, and 24 after commencement of study participation. In addition, photographs were taken by a clinical photographer at baseline, week 12, and week 24. After 24 weeks, participation in the trial ceased and subjects were given the option of off-label use of timolol maleate 0.5% gel for ongoing treatment of the IH. Interim blinded statistical analysis was carried out at the study midpoint to confirm whether the trial should be continued or ceased.
Outcome Measures
Response to therapy was measured by (1) blinded predicted volume estimation 25 at weeks 0, 1, 2, 3, 4, 8, 12, 16, 20, and 24 and (2) blinded scoring of clinical photographs at 0, 12, and 24 weeks. For volume estimation, 2 measurements of the IH hemispheric diameter were taken 90°apart and the estimated hemispheric volume was calculated by the formula 0.07 3 m 3 where m is the mean of the 2 hemispheric measurements. 25 The photographs at 0, 12, and 24 weeks were scored by 1 blinded investigator as 0 if no redness was observable, 1 if the lesion was ∼50% red, or 2 if the lesion was completely red.
With regard to safety data, heart rate, systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured before administering the first dose of placebo or drug, as well as 1 hour after the initial dose, and then at every visit.
Statistical Analysis
The data were analyzed by a statistician blinded to group status. Descriptive statistics are presented as percentages (%) of the group, means and SD, or medians and interquartile range.
The number of children with redness as indicated by the photo score at visits 1, 12, and 24 and the percentage with a categorized lesion size at each time point were investigated by using continuity corrected x 2 or Pearson' s x 2 test.
A linear mixed model with an autoregressive covariance structure was used to examine whether there were significant differences in volume and percentage change in volume, heart rate, SBP, or DBP between the groups over time. The autoregressive covariance structure was used to allow volumes close together in time to be more correlated than those farther apart. A time-by-group interaction was included to allow the groups to vary differently by time. Post hoc comparisons with a least significant difference were used to determine whether there was a significant difference between groups at each visit.
RESULTS
A total of 41 children were enrolled in the study; 19 were randomly assigned to treatment and 22 were randomly assigned to placebo. There were no significant differences in gender ratios, age, and site of lesion between the groups ( ARTICLE treatment and placebo, a comparison was made with regard to the number of IH lesions that decreased in predicted absolute volume by $5% in the treatment and placebo groups (Table 3) . Because 5-to 24-week-old infants grow rapidly, most IH lesions also correspondingly increased in size. A comparison was thus made between relative change in predicted absolute volume of IH lesions between treatment and placebo (Fig 2) . This comparison was additionally stratified on the basis of initial predicted absolute volume of IH lesions (Fig 3) .
There was no significant difference in predicted absolute volume size between the treatment and placebo groups at baseline or at any of the individual time points. There was a marginally significant difference in the size of the IH lesions at weeks 12 and 16, with the lesions being smaller in the treatment group (Table 2 ; P = .05). In terms of relative reduction in size of IHs (Table 3), there was a significantly higher proportion of IH lesions with at least a 5% volume reduction in the treatment group compared with placebo at week 8 (P = .04), week 20 (P = .02), and week 24 (P = .01; Table 3 ). Because 5-to 24-week-old infants grow rapidly and hence their nonproliferating IHs increase in size relatively, a measurement of the proportional change in growth compared between groups was also analyzed (Fig 2) . Before week 12
there was no significant difference between predicted percentage change in volume between treatment and placebo (P . .05). Subsequent to week 16, there was a significantly lower predicted percentage volume increase in the treatment group compared with the placebo group (P , .01).
With regard to which IHs may be more amenable to topical timolol maleate 0.5% gel treatment, the impact of IH volume on treatment efficacy was considered. There were 12 IHs that were ,100 mm 3 (mean diameter = 11.3 mm) in volume at baseline in the treatment group and 16 in the placebo group. For IHs with a baseline volume of ,100 mm 3 (Fig 3) , the predicted percentage increase in mean IH volume was significantly less in the treatment group from week 8 onward (P , .003). For IHs with a baseline volume .100 mm 3 , there was no significant difference in predicted percentage change in IH volume between treatment and placebo at any time point (weeks 1-16, P . .2; week 20, P = .09; week 24, P = .06). In addition, a receiver operating characteristic curve plotted for IH lesions in the treatment group indicated that a cutoff of 65 mm 3 for baseline volume predicts whether volume will decrease by $5% (area under the curve = 0.88, P = .02).
The clinical appearance of IH lesions as determined by blinded photo score was also compared between treatment and placebo groups at baseline, week 12, and week 24. Representative photos of IHs treated successfully with topical timolol maleate 0.5% gel are shown along with images of IHs in the placebo group in Fig 4. A score of 0 indicated no redness, a score of 1 indicated the lesion was 50% red, and a score of 2 indicated the lesion was completely red. As shown in Table 4 , no significant difference in score distribution was seen at baseline or at 12 weeks. At 24 weeks, there was a significant difference in blinded photo score distribution between treatment and placebo groups. The proportion of photo scores of 0 (no redness) was significantly greater in the treatment group (47%) than in the placebo group (6%). Conversely, the proportion of photo scores of 2 (completely red) was significantly less in the treatment group (6%) compared with the placebo group (55%; Pearson' s x 2 , P = .003).
With regard to side effects of topical timolol maleate gel, there were no cases of bradycardia or hypotensive episodes. Comparisons of mean heart rate (treatment mean heart rate = 147 beats per minute; 95% confidence interval [CI]: 140-154; placebo mean heart rate = 147 beats per minute; 95% CI: 140-154; P = .81), mean SBP (treatment mean SBP = 89 mm Hg; 95% CI: 86-93; placebo mean SBP = 84 mm Hg; 95% CI: 80-89; P = .28), and mean DBP (treatment mean DBP = 43 mm Hg; 95% CI: 36-51; placebo mean DBP = 38 mm Hg; 95% CI: 33-43; P = .40) indicated no Data are percentages (%) of the group or n. There was a borderline significant difference at weeks 12 and 16 with more small lesions in the treatment group.
significant difference between treatment and placebo groups (Table 5 ).
In total, there were 9 dropouts from the study (4 in the treatment group and 5 in the placebo group) (Fig 1) . Reasons for withdrawal are summarized in Table 6 .
DISCUSSION Efficacy
IH growth cessation occurring as early as 48 hours after commencement of oral propranolol hydrochloride has been described previously. 7, [26] [27] [28] [29] This relatively rapid onset of action for systemic therapy most likely encourages compliance. 30 In comparison, topical timolol maleate gel has been associated with growth arrest and a slower reduction in redness and thickness within the first 2 to 4 weeks of use as seen in 2 noncontrolled studies of the use of topical timolol maleate gel for IHs. 20 , 21 Chambers et al 22 reported a significant improvement with topical 0.25% timolol maleate gel compared with placebo for periocular IHs after 8 weeks of treatment. The results presented from this study indicate a therapeutic onset of action after 12 to 16 weeks of therapy, with a significant increase in the number of IH lesions decreasing in size by .5% and a significant decrease in proportional growth rate noted in the treatment group compared with the placebo group. This later onset of action compared with oral propranolol hydrochloride may be related to a lower dose being used in this study and may explain withdrawals due to subject-observed lack of efficacy. Withdrawal may also be attributed to parental anxiety as well as the inability to predict the appropriateness of the lesion to topical treatment and the risk of ulceration. Despite the withdrawal of 9 subjects from a relatively small sample size, intention-to-treat analysis still revealed a significant difference in measured outcomes as described above. From a practical perspective, it would be suggested that any lesion considered being at risk of ulceration or developing signs of early ulceration would be more suitable for systemic therapy.
Previous studies have suggested that superficial 19, 22 and plaque-like IHs are more amenable than nodular and deep lesions 20 to topical timolol maleate gel treatment; hence, this study excluded deep lesions. By using a receiver operating characteristic analysis and stratifying the data on the basis of IH volume, a significant difference was noted in drug efficacy for lesions ,100 mm 3 in volume (mean hemispheric diameter ,11.3 mm) from week 8 onward. Lesions .100 mm 3 treated with topical timolol maleate gel appeared to have no significant difference in growth compared with lesions of a similar volume in the placebo group at any time point. Because a fixed dose of topical timolol maleate gel (1 drop twice a day) regardless of lesion size was applied, one might predict that smaller lesions, due to their higher surface area to volume ratio, are more amenable to topical therapies. The lack of different dosages used and the small number of large lesions in the present study make it difficult to predict the optimal management of large IH lesions with topical timolol maleate gel. With regard to the influence of site of IH lesion on topical timolol maleate gel efficacy, whereas it is predicted that IHs in areas in which the epidermis is thinner (eg, the eyelids) would be more responsive to 
FIGURE 2
Percentage change in predicted volume for all IHs in treatment and placebo groups. P for group = .050. Post hoc group comparisons at each time point: weeks 0-4, P . .20; week 8, P = .07; week 12, P = .05; week 16, P = .01; week 20, P = .002; week 24, P = .002.
topical timolol maleate gel, the safety concern and paucity of existing data of systemic absorption at these sites prevented a direct analysis of this prediction.
Although it was anticipated that subjects in 2 age groups (5-15 weeks and 16-24 weeks old) would be recruited, only 3 individuals were in the 16-to 24-week-old age group category. The overall mean age of participants was 9 to 10 weeks. Other studies of topical timolol maleate gel for the treatment of IH have involved subjects between the ages of 5 and 30 weeks 21 and 12 and 68 weeks 20 and cohorts with mean ages of 19 weeks 22 and 32 weeks. 19 The efficacy of topical timolol maleate gel in the relatively young age group of the present study supports previously noted observations that timolol maleate gel may be more effective during the early proliferation stage. 20 The safety data from this study indicate that even in this younger cohort, a limited volume of topical timolol maleate gel has a favorable side-effect profile.
The sustained effect of the 24-week course of topical timolol maleate gel has not directly been considered in this study. Posttrial follow-up of the majority of study candidates, however, has provided the investigators with the impression that no significant rebound of IHs occurred in those successfully treated with topical timolol maleate gel once the medication ceased. This finding is supported in other studies in which no significant IH rebound at 4 weeks after 8 to 30 weeks of treatment, 21 at 4 months after 6 months of treatment, 20 and at 3 to 6 months after a mean treatment duration of 3.4 6 2.7 months 19 was described.
Safety
The specific pharmacokinetics of timolol maleate gel are not well defined; however, 1 study of the systemic absorption of topically applied 5% timolol via 0.2-mg/cm 2 transdermal patches indicated that plasma concentrations were undetectable in 3 of 4 patients 48 hours after application. 31 This finding is mirrored by the fact that safety data from studies of the use of topical timolol maleate to treat IH have generally been favorable. 19, 20, 22 However, concern has been voiced regarding the potential systemic absorption and side effects that may arise from topical timolol maleate gel and what specific monitoring requirements are needed while receiving therapy. McMahon et al 12 estimated that 1 drop of 0.5% timolol gel-forming solution may equate to 2 to 8 mg of oral propranolol hydrochloride. As a comparison, oral propranolol hydrochloride is generally used at a dose of 1 mg/kg 2 to 3 times a day. In the pediatric ophthalmology literature, systemic bioavailability of timolol solution applied to mucosal surfaces has been estimated to be as high as 60% to 80% 32 and has been attributed to cases of apnea, asthma, bradycardia, dizziness, and dissociated behavior. 12 In the studies of timolol maleate solution for the treatment of IHs, a case report of a 4-month-old girl developing blepharoptosis after treatment of a thinplaque IH on the upper eyelid with 0.5% timolol solution has been described. 16 The systemic absorption of timolol maleate gel formulation is considered to be significantly less than that of timolol maleate solution and hence has been favored in more recent studies. 33 With regard to the gel formulation, in a study in 73 individuals treated with timolol maleate 0.1% or 0.5% gel, 1 case of significant sleep disturbance necessitating treatment cessation has been reported as well as local site-ofapplication side effects such as burning, stinging, and irritant reactions. 19 In a study in 25 individuals aged 12 to 68 weeks using topical timolol 1% gel, no adverse events were noted. 20 Similarly, no adverse effects were described in a retrospective, consecutive, nonrandomized cohort study of twicedaily timolol maleate 0.25% gel for the treatment of periocular IHs. 22 In the present study, which used timolol
FIGURE 3
Percentage change in predicted volume for small lesions only (,100 mm 3 at baseline). P for group = .003. Post hoc group comparisons at each time point: weeks 0-4, P . .20; week 8, P = .003; week 12, P = .001; weeks 16-24, P , .0001. maleate 0.5% gel on intact skin, no adverse events were noted and there were no significant differences in mean heart rate and mean SBP and DBP. Review of the use of topical timolol maleate for ophthalmologic purposes also indicates no significant differences in heart rate and blood pressure; however a reduction in exercise-induced increases in heart rate during the daytime has been reported. 34, 35 Similarly, we would suggest that the likelihood of bradycardia and hypotension due to the use of topical timolol maleate gel for intact IHs is very low. Exercise-induced differences would be less pronounced in the younger age distribution of our present study due to relatively low levels of exercise, although continuous measurement of blood pressure and heart rate would provide a more accurate assessment of this possibility. The safety of topical timolol maleate gel for ulcerated, mucosal, or periorbital IHs also requires additional study.
Limitations
Although numbers were sufficient to compare blood pressure and heart rate between the groups, there were insufficient numbers to exclude rare and idiosyncratic adverse events. Continual blood pressure and heart rate monitoring would provide additional insights with regard to safety. Neither this study nor previous studies showed significant comparisons of efficacy on the basis of the IH site. 19 A more sensitive scoring system incorporating other variables such as height/depth of IH with or without ultrasound imaging and a more comprehensive photographic scale would have improved the study.
CONCLUSIONS
This randomized placebo-controlled trial in infants aged 5 to 24 weeks indicates that up to 2 drops per day of topical timolol maleate 0.5% gel for 24 weeks' duration is a safe and effective therapy for the treatment of IH not requiring systemic treatment. The onset of action appears to be slower than oral propranolol chloride with significant improvements in absolute volume reduction, proportional growth, and clinical appearance noted after only 12 to 16 weeks. The efficacy of topical timolol maleate 0.5% gel appears to be more pronounced for lesions with a mean diameter of ,11.3 mm (ie, ,100 mm 3 in vol). The side-effect profile of topical timolol maleate 0.5% gel in the 5-to 24-week age group is favorable, with no significant differences in heart rate, SBP, or DBP. Larger multicenter trials may provide insight into factors such as site-dependent efficacy as well as additional safety, monitoring, dosing, duration-of-treatment, and age-groupspecific data.
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